Background: Handgrip strength is easily assessed by muscle strength and is an
cross-sectional studies 11, 12 failed to show a significant association between the number of teeth and handgrip strength in a Japanese population. In contrast, Eremenko et al. 10 reported that each additional remaining tooth was significantly associated with higher handgrip strength. Hamalainen et al. 9 found a significant association between the number of teeth and handgrip strength in men. A systematic review recently demonstrated that the association between the number of teeth and handgrip strength was inconclusive. 3 Most previous studies were based on elderly populations, 9, 12, 13 so it is difficult to generalize the results because of insufficient sample size. 9, 11, 12 Some studies have been unable to objectively assess the results by evaluating the number of self-reported teeth, 12 and did not fully adjust for various confounders, including socioeconomic status, health behavioral factors, and general health status. 9, [11] [12] [13] Further evidence is needed on the association between the number of teeth and handgrip strength after adjusting for potential confounders in a representative general population sample.
We hypothesized that the number of teeth is associated with handgrip strength in a representative Korean population. The objective of this study was to investigate the association between the number of teeth and handgrip strength. We also examined whether the association was independent of sociodemographic factors, oral and general health status, and general health behaviors. Because handgrip strength varies considerably between males and females, we also analyzed the results after stratification according to sex.
MATERIALS AND METHODS

Study population
Data from the 2014 to 2015 Korea National Health and Nutrition Examination Survey (KNHANES) 17, 18 were used for the present study. The KNHANES is a national surveillance system that has been used to evaluate the general health and nutritional status of South Koreans since 1998. Investigations have been conducted by the Korea Centers for Disease Control and Prevention (KCDC) according to the National Health Promotion Act. 19 The sampling protocol was designed to include a complex, stratified, multistage, and probability-cluster survey of a representative sample of the non-institutionalized civilian population. 19 Participants were randomly selected by geographic area, age, and sex based on the 2005 National Census Registry. 19 This nationally representative survey includes approximately 10,000 individuals each year as a survey sample and collects information through a health examination and a health interview and also checks nutrition status. 19 The technical details of the survey and the sampling design can be found in previous studies 19, 20 and a national report. 18 All participants completed written informed consent before participating in the survey. The 2014 survey was ethically approved by the KCDC Institutional Review Board (IRB number: 2013-12EXP-03-5C). Since 2015, the KNHANES has been carried out without consideration of the KCDC Institutional Review Board under the Bioethics Act.
A total of 14,930 participants aged ≥1 year participated in the 2014 to 2015 KNHANES survey. Among these, 11,921 participants aged ≥19 years were eligible to participate in this study. This study excluded participants who didn't have their handgrip strength measured or who did not have an oral examination as well as participants who had missing values for confounders. The final sample included 7,741 adult participants (3,444 males and 4,297 females).
Assessment of the number of existing permanent teeth
According to the KNHANES oral examination guideline, trained dentists conducted oral examinations of the participants and recorded the results. The number of existing permanent teeth was obtained except for the following cases: missing teeth, impacted or implants and excluding wisdom teeth. 20, 21 The number of teeth was categorized into three groups: 0 to 9 teeth, 10 to 19 teeth, 20 to 28 teeth. Previous studies 20, 21 defined severe tooth loss as <20 teeth and Peres et al. 22 assessed ≥10 natural teeth as the cutoff value. In addition, 20 teeth are used as important oral health indicators in the elders and a valuable indicator for monitoring oral health status.
Assessment of handgrip strength
The handgrip strength of the participants was measured using a digital hand dynamometer. * All participants were measured, and the following cases were excluded from the questionnaires and interviews: 1) without arms, hands, or thumbs, 2) paralysis of the hand, 3) hand or finger cast, 4) bandage on the entire hand or wrist, 5) surgery of the hands or wrists within the past 3 months and, and 6) hand or wrist pain, tingling, stiffness within the past 1 week. Before measuring the handgrip strength, measuring methods were explained to the participants in detail, and the ornaments that could affect the survey were removed. Then, hand grip strength was measured in a neutral position with the index finger and knobs at 90 degrees. Participants were measured three times at intervals of 60 seconds on both hands. Handgrip strength used in this study was defined as the maximum handgrip strength of the dominant hand and expressed in kilograms. 23 For analysis, the handgrip strength was divided into two categories [<26 kg in males; <18 kg in females] according to the Asian Working Group for Sarcopenia. 24 The cutoff value of low muscle of handgrip strength is <26 kg in males and <18 kg in females. Low handgrip strength is a clinical indicator that serves as a poor mobility and a predictor of clinical outcomes. 2,25
Evaluation of potential confounders
Education level was grouped into four levels of elementary school, middle school, high school, and college or higher. General health behaviors included smoking status and alcohol consumption. Smoking status was dichotomized into yes (current smoker) and no (never and former smoker). Alcohol consumption was determined by drinking frequency of the participants during the last year. The responses were divided into five groups: 1) non-drinker; 2) almost non-drinker (≤1 day per month); 3) light drinker (2 to 4 days per month); 4) moderate drinker (2 to 3 days per week); and 5) heavy drinker (≥4 days per week). Drinking was categorized into two groups: no (none/almost non-drinker); and yes (light/ moderate/heavy drinker). 20 Systemic health status included obesity, hypertension, and diabetes mellitus. Obesity was assessed using body mass index (BMI) and categorized into two groups: no (BMI < 25 kg/m 2 ) and yes (BMI ≥25 kg/m 2 ). 26 Hypertension was defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg or being medicated for hypertension. Diabetes mellitus was defined as having a fasting glucose level >126 mg/dL or taking medication for diabetes. Fasting glucose levels was measured with the hexokinase UV method. * Denture status was divided into two groups: those with partial dentures and full dentures, and those without dentures.
Statistical analyses
Handgrip strength was the outcome variable, and the number of teeth was the main explanatory variable. Because grip strength differs between men and women, all analyses were performed separately for men and women. Distribution of mean handgrip strength for all confounders was expressed as the mean and 95% confidence interval (CI) using the t-test and analysis of variance (ANOVA). Levels of handgrip strength according to the number of teeth were presented as unadjusted and adjusted means and 95% CIs using ANOVA and analysis of covariance (ANCOVA). The levels of handgrip strength were calculated according to the number of teeth using ANOVA and ANCOVA. Next, handgrip strength was evaluated as the dependent variable in two ways. First, maximum handgrip strength was evaluated as a continuous variable. Second, we assessed the median value of handgrip strength (cutoff: 41.7 kg in males and <25.8 kg in females). Multivariate linear regression models were fit * Hitachi Automatic Analyzer 7600, Hitachi, Tokyo, Japan to assess the association between the number of teeth with handgrip strength after adjusting for potential confounders (sociodemographic factors, general health behaviors, and oral and general health factors). Finally, the odds ratios of the number of teeth for handgrip strength were adjusted for the abovementioned confounders in the models. A P-value < 0.05 was considered significant. All analyses were performed using a statistical program. † Table 1 summarizes mean handgrip strength of the study participants according to the baseline variables. Handgrip strength was the highest in the 30-to 49-year-old group and tended to decrease with age. Participants with a higher education level and income had higher average handgrip strength than the lower groups. The smoking and drinking groups had higher average handgrip strength. Participants who had diabetes and hypertension exhibited lower average handgrip strength, but obese participants had higher handgrip strength than normal. Participants wearing partial or complete dentures had lower handgrip strength than those who did not. Table 2 presents the distribution of handgrip strength according to the number of teeth. The proportions of participants with 20 to 28 teeth, 10 to 19 teeth, and 0 to 9 teeth were 85.2%, 8.8%, and 6.1%, respectively. Reduced handgrip strength in males and females was much higher in participants with fewer teeth. In particular, this pattern was more prominent in females than in males (P < 0.001 for all). After adjustment, the levels of handgrip strength were significantly different among the three groups (P = 0.008 for males, P = 0.020 for females) ( Table 3 ). The unadjusted and adjusted means for handgrip strength also showed a tendency to decrease as the number of teeth decreased. Table 4 shows the multivariate linear regression analysis between the number of teeth and grip strength as a continuous variable. Each tooth increased handgrip strength by 0.12 kg and 0.07 kg in males and females, respectively. Each additional tooth was significantly associated with higher handgrip strength (P < 0.001 for both males and females). Handgrip strength of the participants with 0 to 9 teeth was 2.13 kg lower in males and 1.28 kg lower in females than those with 20 to 28 teeth.
RESULTS
The number of teeth was consistently associated with handgrip strength throughout the adjustment process in the logistic models. The association between the number of teeth and handgrip strength disappeared in females in the fully adjusted models, but the odds ratio of participants with 0 to 9 teeth was 1.73 (95% CI: 1.02 to 2.95) higher than the reference group in males (Table 5) 
DISCUSSION
Our study identified a positive association between the number of teeth and handgrip strength after adjusting for various confounders using nationally representative data. No studies have reported the effect of the number of teeth on handgrip strength in Koreans. Considering that the association between the number of teeth and handgrip strength remains controversial, 9-13 the results of this nationwide representative study are significant. The results of the present study are consistent with the findings of Eremenko et al. 10 In 2,089 participants of the Study of Health in Pomerania (SHIP), 10 the logistic coefficients on handgrip strength were 0.15 for males and 0.07 for females, and the results were considerably similar to our results. Although handgrip strength of the adults participating in the SHIP was lower than that of Koreans, we assume that the age distribution of the participants was similar to our study. Hamalainen et al. 9 showed that the number of remaining teeth is associated with handgrip strength among 80-year-old participants. However, sample size was relatively small (n = 193) and the association between the number of teeth at baseline and the change in handgrip strength was not confirmed over a 5-year follow-up period.
T A B L E 5
Other studies have demonstrated the lack of an association between the number of teeth and handgrip strength in a Japanese population. 11, 12 Inui et al. 11 also reported that the results of their study were limited because they did not use socioeconomic status and denture status variables, which are related to tooth loss. Takata et al. 12 found that a significant association between the number of teeth and handgrip strength disappeared after adjusting for confounders in 80-year-old participants. Our data show additional evidence by complementing elements that were not sufficiently addressed in previous studies. [9] [10] [11] [12] The number of teeth was a categorical variable and a continuous variable. The number of teeth was significantly associated with the levels of handgrip strength in males and females. Interestingly, although 0 to 9 teeth were strongly associated with a reduction in handgrip strength in crude analyses among males and females, the strength of the association was weakened after adjusting for age. The association between the number of teeth and the reduction of handgrip strength among females completely disappeared in the fully adjusted model. Conversely, the association persisted in males even after adjusting for all confounders. These results are not directly comparable because they differ from the age distribution, measurement and analysis of handgrip strength, and variables used in previous published studies. [9] [10] [11] [12] Therefore, sex differences in the number of teeth and handgrip strength need to be studied further.
Empirical evidence for the association between the number of teeth and handgrip strength remains controversial. A possible mechanism for the association between the number of teeth and handgrip strength can be explained as follows. Age-related declines in physical performance and cumulative oral health problems are accompanied by pathophysiological changes leading to a decrease in the efficiency of the skeletal muscle mass. 27 In particular, loss of several teeth, which are the end points of accumulated oral health problems, and subsequent chewing discomfort are crucial issues in Korean adults and older subjects. The size and strength of the jaw muscles are related to that of the limb muscles on an ultrasonographic test. 28 The efficiency of the masseter muscles is associated with handgrip strength. 29 Another study reported that when muscle strength decreases, the masseter muscles weaken and chewing ability and mastication are distorted. 30 Chewing discomfort due to tooth loss may affect inadequate nutrient intake leading to unfavorable food intake. 31 Dietary patterns are associated with various chronic diseases, such as hypertension, obesity, and metabolic syndrome. 32, 33 Moreover, in recent US and Chinese adult studies, cardiometabolic disease 34 and biomarkers in blood 35 demonstrated a significant association with low handgrip strength. 34, 35 Further study is needed to examine the detailed mechanisms linking the number of teeth with handgrip strength.
Some limitations of the present study should be mentioned. Eremenko et al. 10 demonstrated that handgrip strength is significantly associated with inflammatory markers including C-reactive protein (CRP) and fibrinogen. Tooth loss is associated with elevated CRP. 36 These limitations should be addressed in longitudinal study. This study could not establish a causal relationship because it was crosssectional.
Nonetheless, our study used a large-scale representative sample of Koreans. Oral examinations and anthropometry were assessed by trained dentists, physicians, and staff, and the blood tests were conducted at specialized institutions. Finally, as handgrip strength is significantly different between males and females, we presented separate results of males and females.
Detrimental oral health status and lack of physical activity are common risk factors for systemic disease. 37 The results of this study emphasize that maintaining a large number of teeth is important for muscle strength as well as frailty in old age. They also provide evidence that collaborative action should be taken to improve oral health status and physical health at the same time.
CONCLUSION
Results show a significant association between the number of teeth and handgrip strength in Korean adults.
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